Abstract Mothers who breastfeed typically exhibit lower levels of depressive symptomatology than mothers who do not. However, very few studies have investigated the directionality of this relationship. Of the prospective studies published, all but one focus exclusively on whether maternal depression reduces rates of subsequent breastfeeding. This study again examines this relationship, but also the reverse-that breastfeeding might predict lower levels of later depression. Using multilevel modeling, we investigated the relationship between breastfeeding and selfreported depressive symptomatology in 205 women followed prenatally and at 3, 6, 12, and 24 months after birth. Consistent with previous research, women with prenatal depressive symptomatology weaned their infants 2.3 months earlier, on average, than women without such symptomatology. We also found, however, that women who breastfed more frequently at 3 months postpartum showed greater subsequent declines in depressive symptomatology over time compared to women who breastfed less frequently, resulting in lower absolute levels of depressive symptoms by 24 months postpartum, controlling for important confounds. In sum, these findings are consistent with a bidirectional association between breastfeeding and depression, with prenatal depression predicting less breastfeeding soon after birth and breastfeeding predicting declines in maternal depression up to 2 years after birth. We discuss mechanisms that could potentially explain these associations and avenues for future research.
who breastfeed (see Dennis and McQueen 2009 , for a review), very little longitudinal research exists that can begin to address the directionality of this association. Are women with depression less likely to breastfeed, are women who breastfeed less likely to become depressed, or both? Yet another possibility is that a third variable accounts for the association between depression and postpartum depression. These four logical possibilities have not been systematically tested by most research to date. With the exception of one study described below, studies have focused on testing whether maternal depression predicts reduced breastfeeding, overlooking the possibility that breastfeeding might play a role in prevention of maternal depressive symptomatology.
Previous studies have found that women with prenatal depressive symptomatology are less likely to initiate breastfeeding and tend to wean their infants sooner than women without prenatal depressive symptomatology (Green and Murray 1994; Seimyr et al. 2004 ). In addition, women with depressive symptomatology in the early postpartum go on to wean their infants several months sooner than women without depressive symptomatology postpartum (Dennis and McQueen 2007; Galler et al. 1999; Taveras et al. 2003) . These studies report a clear directional sequence whereby depressive symptomatology precedes and predicts subsequent infant feeding outcomes. Critically, however, the observation that depressive symptomatology can precede and predict later breastfeeding does not preclude the possibility of an additional reverse causal pathway, specifically that early breastfeeding could help protect some women against depressive symptomatology. Several lines of evidence have recently emerged that add plausibility to the notion that breastfeeding could offer such protective benefits.
Possible benefits of breastfeeding for mothers
The benefits of breastfeeding for the infant are widely recognized (see Ip et al. 2007 , for a review), however, scientists and health professionals are just beginning to appreciate the long-lasting and multiple effects that breastfeeding can have on mothers (see Hahn-Holbrook et al. 2013; Rea 2004 , for reviews). Breastfeeding is associated with reduced maternal risk for developing type 2 diabetes (Stuebe et al. 2005) , cardiovascular disease (Schwarz et al. 2009) , and breast cancer (Bernier et al. 2000) . Breastfeeding triggers the release of the neuropeptide hormone oxytocin (Uvnäs-Moberg and Eriksson 1996) , which has been linked to reductions in stress (Light et al. 2000; Nissen et al. 1998) and depressive symptomatology in postpartum mothers (Skrundz et al. 2011) . In line with these findings, women currently using both breast and formula infant feeding methods report less negative mood if they are randomly assigned to breastfeed their infant in the laboratory than if they are randomly assigned to formula feed their infant (Mezzacappa and Katlin 2002) . Further, breastfeeding is associated with infants with easier temperaments (Jones et al. 2004; Merjonen et al. 2011) , and fewer health problems in infants and mothers over the long-term (Ip et al. 2007) both of which could have positive downstream consequences for maternal mental health (Beck 1996a) . Taken together, these findings suggest that breastfeeding could be protective against maternal depression.
A search of the existing literature produced only one study that has tested whether breastfeeding is predictive of subsequent depressive symptomatology. In a sample of 594 new mothers, women who were exclusively breastfeeding at 1 week postpartum were not any more or less likely to score above the depressive symptomatology cutoff on the Edinburgh Postnatal Depression Scale (EPDS) scale at 4 or 8 weeks than women who were exclusively formula feeding at 1 week (Dennis and McQueen 2007) . A limitation of this study is that mothers in the sample had only been breastfeeding for 1 week, which is before full lactation is typically established, making it difficult to fully test whether breastfeeding predicts later depressive symptomatology. Furthermore, some physical health benefits of breastfeeding do not emerge until months or even years after birth. Therefore, the time frame used in this study may have been too short to detect any long-term benefits of early lactation on maternal mental health.
Several other studies have reported results consistent with the hypothesis that breastfeeding is protective against subsequent depressive symptomatology, although they were not explicitly designed to address the question of whether breastfeeding predicts subsequent depressive symptomatology. For example, studies have found that having breastfed (vs. never having breastfed) is associated with fewer cases of subsequent depressive symptomatology (Hannah et al. 1992 , but see Chaudron et al. 2001 for a null result), as is continuing to breastfeed between 1 and 5 months (vs. weaning between 1 and 5 months) (Nishioka et al. 2011) . Critically, however, these studies did not control for levels of depressive symptomatology at baseline or during pregnancy, leaving open the possibility that women who breastfed were simply less likely to be depressed from the outset. Further, past studies have not taken into account potential confounds such as age, income, education, preterm birth, or social support. These factors are relevant because they could potentially produce specious associations between breastfeeding and depressive symptomatology, given that higher rates of depression and lower rates of breastfeeding have been reported in women who are young, economically disadvantaged, less educated, deliver preterm, or report poor social support (Baranowski, et al. 1983; Beck 1996b; Beck 2001; Cooper et al. 1993; Merewood, et al. 2006; Scott et al. 2006) .
Study goals
There were three primary goals of this study. The first was to test whether early breastfeeding behaviors predicted reduced incidence of later depressive symptomatology in mothers. The second was to test whether depressive symptoms in pregnancy or postpartum predicted later breastfeeding behaviors. The third was to attempt to rule out third variables that could account for observed associations between breastfeeding and depression. To achieve these objectives, we utilized a dataset from a longitudinal study that included assessments of women's depressive symptomatology during pregnancy and women's breastfeeding behavior and depressive symptomatology at 3, 6, 12, and 24 months after birth.
Methods

Participants
Two-hundred fifty-four women who had been enrolled in a larger longitudinal study of pregnancy in southern California participated. To be eligible to participate, women had to be over the age of 18, English-speaking, nonsmoking, have a singleton pregnancy, and an absence of any medical condition that could dysregulate neuroendocrine function. The final sample included in this study was comprised of the 205 women who had data on depressive symptomatology and infant feeding practices for at least two time points after birth and depressive symptomatology data for at least one time point during pregnancy. Women included in the final sample tended to be slightly older, more likely to be married, and had higher incomes than women who were not included. Means and standard deviations of demographic variables for the final sample are presented in Table 1 . Forty-eight percent of the sample self-identified as White, 27 % as Latina or Hispanic, 11 % as Asian, 11 % as multiethnic, and 2 % as Black or African American. The mean age of participants was 29 years and the average household income was $62,000/year. Over half of the sample had an associate degree or higher and a large majority was married (94 %).
Procedures
Pregnant participants were recruited by research nurses during the first trimester of pregnancy and were then followed over the first 2 years after birth. During pregnancy, demographic information and measures of depressive symptomatology were collected by trained interviewers. After the birth of the child, mothers came into the laboratory at 3 months (M=13.2 weeks, range 11-18 weeks), 6 months (M= 26.5 weeks, 20-37 weeks), 12 months (M=52.9 weeks, range 49-65 weeks), and 24 months (M=108.6 weeks, range 100-117 weeks) and reported on their depressive symptomatology and breastfeeding behaviors.
Measures
Depressive symptomatology
Prenatal depressive symptomatology was assessed via the brief version of the Center for Epidemiological Studies Depression Scale (CES-D) (Radloff 1977) . Validation reports show higher associations with the Structured Interview of the Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised (DSM-III-R) when items are rescored into bivariate form (Santer and Coyne 1997) . Therefore, responses of 0 or 1 were recoded as 0 and responses of 2 or 3 were recoded as 1. These bivariate scores were then added together to create a score that ranged from 0 and 9, with a suggested cutoff score of 4 or more indicating the presence of depressive symptomatology. This measure has good internal consistency (Kuder-Richardson formula 20, 0.87) and the bivariate scores correlate highly with the original scale scores (r=0.97). The CES-D was administered at five time points during pregnancy (at 15, 20, 25, 31, and 37 weeks gestation). Participants were considered to have reported prenatal depressive symptomatology if they scored above the CES-D cutoff at any one of the assessments during pregnancy. Twenty-six percent of women (54/205) scored above the CES-D cutoff at least once during pregnancy. Although this rate of depressive symptoms is high, a meta-analysis suggests that prevalence rates of depression during pregnancy are generally high: 7.4 % during the first trimester, 12.8 % during the second trimester, and 12.0 % during the third trimester (Bennett et al. 2004 ). Rates of prenatal depression symptomatology in this study were also probably higher than previous estimates because there were multiple assessments of depressive symptomatology (Gaynes et al. 2005) . Therefore, there were multiple opportunities for women to be categorized as having prenatal depressive symptomatology.
Depressive symptomatology after birth was measured at 3, 6, 12, and 24 months using the 10-item EPDS (Cox et al. 1987) . Participants indicated how often they experienced a symptom of depression in the past week on a four-point scale. A cutoff score of 10 or more is suggested by the creators of the EPDS for cases of minor depression (hereafter referred to as depressive symptomatology) and has been validated by other studies (see Matthey et al. 2006 , for a review). The continuous EPDS scores (values ranged from 0 to 30) (hereafter referred to as a continuous EPDS score) were also used if cutoff scores yielded null results. This approach of using both cutoff and continuous measures of depressive symptomatology was taken because although continuous scores are generally preferable in statistical modeling because they provide more variability, cutoff scores have been validated in identifying women with depression (Matthey et al. 2006 ).
Breastfeeding
At 3, 6, 12, and 24 months postpartum, mothers were asked the following questions about their current daily infant feeding practices: (1) whether they engaged in any breastfeeding or were not breastfeeding at all (hereafter termed any breastfeeding) and if they were currently breastfeeding, (2) the frequency of infant feedings per day by breast milk (hereafter termed breastfeeding frequency, (3) the total percentage of the child's diet that was made up by breast milk, and (4) the percentage of the child's daily breast milk intake that was expressed by breast pump and then given by bottle vs. the percentage of breast milk given directly via infant suckling. This last variable was used to create a ratio score of breastfeeding via breast pumping vs. infant suckling (hereafter termed ratio of breast pumping vs. suckling) to determine whether the mode of breast milk expression was predictive of later depressive symptomatology. We defined exclusive breastfeeding as a woman's report that 100 % of her child's diet was comprised of breast milk and defined exclusive formula feeding as a woman's report that 0 % of her child's diet was comprised of breast milk, as per the standard definitions recommended by Labbok and Krasovec (1990) .
If women weaned their child between assessments, they were asked retrospectively about when in the intervening period they had ceased breastfeeding. A total breastfeeding duration score was then calculated based on how many months mothers had been engaged in any breastfeeding (based on both perspective and retrospective assessments) in the first 2 years after birth (scores ranged from 0 to 24 months). In cases in which prospective and retrospective reports of breastfeeding duration conflicted, prospective reports were privileged and cessation of breastfeeding was placed just after the last prospective report of breastfeeding.
Women were also asked retrospectively at 3 months postpartum if they had initiated breastfeeding. However, only four women in our sample reported that they had never initiated any breastfeeding; therefore, we were not able to include breastfeeding initiation as a variable in the analyses.
Covariates
The following potential confounds were assessed: maternal age, income, education, marital status, parity, preterm birth, maternal employment, ethnicity, and social support. They were chosen because, in most cases, they had been identified in previous research as predictors of postpartum depression (i.e., prenatal depression, income, education, marital status, and social support ; Beck 1996b; Beck 2001; Cooper et al. 1993) or of breastfeeding (i.e., maternal age, education, preterm birth, maternal employment, social support, and ethnicity; Baranowski, et al. 1983; Merewood, et al. 2006; Scott et al. 2006) . Preterm birth, defined medically as birth at less than 37 weeks' gestation, was assessed from birth records and was coded as a dichotomous variable (0 = term, 1 = preterm). Selfreported demographic covariates included maternal age, household income (in dollars earned annually), employment status (0 = not engaged in paid employment,1 = engaged in paid employment), education (ordinal variable, coded as 1 = high school or less, 2 = associates degree, 3 = college degree, 4 = graduate degree), marital status (0 = not married, 1 = married), parity (0 = primiparous, 1 = multiparous), and ethnicity, which was coded into three dummy coding schemes (Caucasian vs. non-Caucasian, Latina vs. non-Latina, and Asian vs. non-Asian), each of which was entered into models separately so contrasts could be made between the ethnic group in question compared with all other groups. Not enough of the sample self-identified as Black or African American (2 %) to allow for analysis. At each visit after birth, mothers were asked whether they were currently engaging in paid employment (no = 0, yes = 1).
Social support was measured with the 19-item Medical Outcomes Study (MOS) Social Support Survey (Sherbourne and Stewart 1991) . This instrument measures participant's perceptions of being socially supported and includes subscales for affectionate support, emotional/informational support, positive social interaction support, and tangible support. All items are averaged to create an overall measure of perceived support. In the present study, the Cronbach's alpha coefficient for the overall measure was high (0.96).
Some women in our sample (N = 16) did admit to smoking at T1 during pregnancy, despite the fact that smokers were not eligible for the study. However, smoking in pregnancy was unrelated to any of our key breastfeeding or depression variables and, therefore, was not included in the analyses. We did not have information on whether women smoked postpartum.
Data analytic strategy
Multilevel modeling was used to test the potentially bidirectional relationship between breastfeeding and postpartum depression. If breastfeeding is protective against subsequent depressive symptomatology, it is expected that women who breastfeed at 3 months postpartum will show less depressive symptomatology over time than women who do not breastfeed at 3 months. Furthermore, if there is a dose-response relationship between breastfeeding and later depressive symptomatology, then relatively frequent breastfeeding at 3 months will predict less depressive symptomatology over time compared with infrequent breastfeeding at 3 months. Conversely, if depressive symptomatology leads to less breastfeeding, it was expected that women who are depressed during pregnancy or postpartum will be less likely to be breastfeeding at 3 months and may wean more quickly between 3 and 24 months. Finally, if the relationships between postpartum depression and breastfeeding are not accounted for by a third variable, then the effects should remain significant when covariates are included in the models.
Multilevel modeling was used for these analyses because it allows for the determination of between-person differences among within-person trajectories and offers advantages over other statistical tools for the evaluation of longitudinal data as it accounts for shared variance on within-individual measurements and can accommodate missing values (Raudenbush and Bryk 2002) . Time postpartum was entered as a continuous variable and linear interaction terms were used to test for changes as a function of predictors over time. Linear, quadratic, and unstructured models were tested to model changes in breastfeeding and depression over time; however, linear models were used throughout because these were a good fit for all dependent variables and helped to maintain consistency between results. Unstructured error terms were included in all models to account for the shared variance in the outcome variables over multiple observations. All covariates were entered into multilevel models as time unvarying/fixed predictors, with the exception of working outside the home, which was allowed to vary over time. Models were first run without any covariates to test for direct effects of breastfeeding and depression and then all covariates were added into the models together to test whether any observed association remained significant after controlling for those possible confounds. Multilevel analyses were conducted in STATA version 11 using the xtgee function. All other analyses were conducted in SPSS version 18.
Several tests did not require multilevel modeling. For example, linear regression was used to test whether depressive symptoms predicted total breastfeed duration (total months women engaged in any breastfeeding). A logistic regression model was used to test whether prenatal depression predicted exclusive breastfeeding at 3 months because too few women were exclusively breastfeeding at 6 (5 %), 12 (0 %), and 24 (0 %) months to allow us to assess changes in this variable over time. Further, initial analyses examining whether potential covariates (prenatal depressive symptomatology, age, income, education, marital status, parity, work outside the home, ethnicity, preterm birth, and social support) were associated with breastfeeding and/or depression were conducted using linear regression (in the case of continuous dependent variables), logistic regression (in the case of categorical dependent variables), or Analysis of Variance (ANOVA) (in the case of categorical dependent variables with more than two groups).
See Tables 1 and 2 for associations between potential covariates and breastfeeding and depression, respectively. Four covariates emerged as candidate third variables because they significantly (p<0.05) predicted both reduced breastfeeding and more depressive symptomatology: prenatal depressive symptomatology, marital status, income, and education. These variables were included in the final models. In addition, any covariate that significantly predicted a breastfeeding variable (age, preterm birth, Latina ethnicity, and working outside the home) or depression variable (social support) was also included as a covariate in order to provide a more stringent test of the associations between breastfeeding and depressive symptomatology.
Results
Modeling change in dependent variables over time
Before examining predictors, models of depression and breastfeeding over time were estimated for descriptive purposes. Forty-four percent of the variability in depressive symptomatology over the 2-year time period was the result of within-person changes, and 56 % was the result of between-person differences. Depressive symptomatology tended to decline slightly, though nonsignificantly, over time (Coeff=−0.14, SE=0.11, t ratio=−1.32, p<0.2). The frequencies of women with depressive symptomatology in our sample was 19.5 % (40 of 200) at 3 months, 15.1 % (31 of 205) at 6 months, 13.7 % (28 of 183) at 12 months, and 15 % at 24 months (24 of 160).
Only 22 % of the variance in any breastfeeding and 24 % of the variance in breastfeeding frequency was accounted for by with-person changes, while over 80 % of the variance was accounted for by between-person differences (mainly due to differences in base rates of breastfeeding at 3 months postpartum). There were significant declines in breastfeeding rates over time, as is expected (any breastfeeding: Coeff=−0.22, SE=0.01, t ratio=−21.71, p< 0.001; breastfeeding frequency: Coeff=−1.57, SE=0.07, t ratio=−23.47, p<0.001). Sixty-nine percent (137/200) of mothers engaged in any breastfeeding at 3 months postpartum; however, this percentage dropped to 53.2 % at 6 months (109/205), 24 % at 12 months (49/200), and 4 % at 24 months (7/191). Exclusive breastfeeding dropped off dramatically from 43 % at 3 months (63/200) to 5 % at 6 months (10/205). No one in our sample was exclusively breastfeeding at 12 or 24 months. The average breastfeeding frequency was 4.75 times per day at 3 months, 3.06 times per day at 6 months, 0.93 times per day at 12 months, and 0.13 times per day at 24 months.
Breastfeeding predicting depressive symptomatology
Any breastfeeding vs. no breastfeeding
Baseline rates of depressive symptomatology at 3 months postpartum did not differ as a function of any breastfeeding at 3 months postpartum (p>0.7); however, the interaction between any breastfeeding at 3 months and time trended in the predicted direction (without covariates: Coeff=−0.04, SE=0.022, t ratio=−1.84, p=0.07; with covariates: Coeff= −0.04, SE=0.021, t ratio=−1.74, p=0.08). Post hoc analyses also suggested a trend wherein absolute levels of depressive symptomatology were lower at 24 months in women who had been breastfeeding at 3 months than women who had not (Coeff=−0.10, SE=0.06, t ratio=−1.82, p=0.07). Absolute levels of depressive symptoms at 6 and 12 months did not differ as a function of early breastfeeding.
More frequent breastfeeding vs. less frequent breastfeeding Breastfeeding frequency at 3 months postpartum was unrelated to depressive symptomatology at 3 months (p> 0.5), although there was a significant interaction between breastfeeding frequency at 3 months and change in depressive symptomatology over the 2-year period, both before (Coeff=−0.03, SE=0.01, t ratio=−2.40, p<0.02) and after covariates were entered into the model (Coeff=−0.03, SE= 0.01, t ratio=2.43, p<0.02) (Fig. 1) . Women who breastfed more frequently at 3 months postpartum showed greater declines in subsequent depressive symptomatology than women who breastfeed less frequently at 3 months. This decline resulted in lower absolute levels of depressive symptoms by 24 months postpartum (Coeff=−0.06, SE=0.03, t ratio=−2.20, p<0.05), although this effect was dampened when covariates were entered into the model (Coeff=−0.04, SE=0.03, t ratio=−1.45, p=0.14). Absolute levels of depression did not differ at 6 or 12 months as a function of breastfeeding frequency at 3 months.
This effect did not appear to be driven solely by differences between breastfeeding vs. nonbreastfeeding women. Namely, when women who were not engaged in any breastfeeding at 3 months were removed from the analyses (N=63, leaving 137 women remaining), breastfeeding frequency at 3 months still predicted declines in depressive symptoms over time (without covariates: Coeff=−0.05, SE = 0.02, t ratio = −2.61, p< 0.01; with covariates: Coeff = −0.05, SE=0.02, t ratio=−2.64, p<0.01) and lower absolute levels of depressive symptoms by 24 months (without covariates: Coeff=−0.11, SE=0.05, t ratio=−2.36, p<0.05; with covariates: Coeff=−0.09, SE=0.05, t ratio=−2.02, p< 0.05). Again, no differences in absolute levels were observed at 6 or 12 months as a function of breastfeeding frequency at 3 months.
Breast pumping vs. infant suckling
The effect of breastfeeding frequency on depressive symptomatology did not differ as a function of mode of breast milk expression. More frequent bouts of lactation, independent of the ratio of breast pumping vs. suckling (p>0.1), predicted declines in depressive symptoms over the 2-year period (without covariates: Coeff = −0.04, SE = 0.013, t ratio=−3.00, p<0.01; with covariates: Coeff=−0.04, SE= 0.013, t ratio=−3.06, p<0.01) and lower absolute levels of depressive symptoms by 24 months (without covariates: Coeff=−0.08, SE=0.04, t ratio=−2.26, p<0.025; with covariates: Coeff=−0.07, SE=0.03, t ratio=−2.06, p<0.05).
Exclusive breastfeeding vs. exclusive formula feeding
Exclusive breastfeeding (vs. exclusive formula feeding) at 3 months did not predict depressive symptomatology at 3 months (p>0.8) or changes in depressive symptomatology over time (p<0.2), and covariates had no effect on the pattern of these results. However, it should be noted that there was a nonsignificant trend for the interaction between percentage of child's diet made up by breast milk and time: women who were feeding their infant a diet comprised of a relatively higher percentage of breast milk at 3 months tended to show greater declines in depressive symptoms over time (without covariates: Coeff = −0.02, SE = 0.01, t ratio = −1.90, p = 0.06; with covariates: Coeff = −0.02, SE=0.01, t ratio=−1.89, p=0.06). No differences in absolute levels emerged.
Depressive symptomatology predicting breastfeeding
Prenatal depressive symptomatology
Consistent with prior research, women who reported depressive symptomatology prenatally had shorter durations of breastfeeding (β=−0.18, p=0.02) than women who did not report any depressive symptomatology prenatally, an effect that remained significant with covariates included in the model (β=−0.16, p=0.03). When quantified, prenatally depressed moms weaned an estimated 2.3 months (SE = 1.04 months) sooner than women who did not report depressive symptomatology prenatally. Prenatal depression also predicted lower rates of exclusive breastfeeding at Fig. 1 Effect of breastfeeding frequency at 3 months on future depressive symptomatology. This figure shows the percentages of women who had an EPDS score of 10 or above at 3, 6, 12, and 24 months postpartum as a function of high vs. low frequency of breastfeeding at 3 months postpartum. High and low breastfeeding frequencies were graphed at levels one standard deviation above (nine times a day) and below (four times a day) the mean, respectively. Women who were breastfeeding at a high frequency at 3 months postpartum had greater declines in rates of depressive symptoms than women breastfeeding at a low frequency at 3 months (Coeff=−0.03, SE=0.01, t ratio=−2.43, p<0.02). Note: although a linear model was used to test this interaction, an unrestricted model was plotted here, which gives a more accurate reflection of the actual rates of depressive symptoms in the data 3 months postpartum (B=−0.83, SE=0.40, p=0.038), an effect that remained significant when covariates were entered into the model (B=−1.18, SE=0.53, p<0.028).
To further explore this relationship, multilevel modeling was used to test if prenatal depressive symptomatology predicted changes in any breastfeeding or breastfeeding frequency between 3 and 24 months. Women with prenatal depressive symptomatology (vs. without) were less likely to be breastfeeding (vs. not breastfeeding) at 3 months postpartum (Coeff=−0.17, SE=0.06, t ratio=−2.78, p<0.01), but prenatal depression did not predict breastfeeding cessation between 3 and 24 months (Coeff=0.03, p=0.11). Likewise, prenatal depressive symptomatology predicted fewer breastfeeding bouts per day at 3 months postpartum (Coeff= −0.89, SE=0.41, t ratio=−2.19, p<0.05) but no interaction over time (p>0.25). When covariates were included into the models, prenatal depressive symptomatology remained a significant predictor of any breastfeeding at 3 months (intercept: Coefficient=−0.14, SE=0.06, t ratio=−2.39, p< 0.01), although the relationship with breastfeeding frequency at 3 months was reduced to a trend (intercept: Coefficient =−0.74, SE=0.40, t ratio=−1.88, p=0.06). Using average CES-D score in pregnancy, as opposed to cutoff scores, to predict breastfeeding behavior produced a similar pattern of results.
Postpartum depressive symptomatology
Depressive symptomatology at 3 months postpartum was not related to any of our breastfeeding outcome variables (intercepts all p>0.20; interaction terms all p>0.30). Quadratic and unrestricted models were also run and yielded null results, as did using continuous EPDS scores as the dependent measure. Exclusive breastfeeding at 3 months was also unrelated to depressive symptoms at 3 months. The statistical significance of these results did not change by adding covariates to the models.
Discussion
The results of this study are consistent with a bidirectional relationship between breastfeeding and depression, with prenatal depressive symptomatology predicting less breastfeeding postpartum and early breastfeeding predicting less depressive symptomatology later in the postpartum. Women who experienced depressive symptomatology prenatally weaned their infants an average of 2.3 months sooner than those who did not report prenatal depressive symptomatology, an effect that remained after controlling for potential confounds. The relationship between prenatal depressive symptomatology and later breastfeeding seemed to be driven by weaning taking place between 0 and 3 months postpartum; that is, prenatal depressive symptomatology predicted fewer cases of breastfeeding and less frequent breastfeeding at 3 months but did not predict breastfeeding cessation or steeper declines in breastfeeding frequency between 3 and 24 months.
Breastfeeding at 3 months postpartum also predicted lower risk of subsequent depressive symptomatology. There was a trend for women who engaged in any amount of breastfeeding at 3 months to have greater declines in subsequent depressive symptomatology. A more dramatic effect was observed when a dose-response model was tested of breastfeeding frequency on subsequent depression risk. Namely, more frequent breastfeeding at 3 months postpartum was associated with greater declines in subsequent rates of depressive symptomatology as compared with less frequent breastfeeding at 3 months. Further, women who breastfed more frequently at 3 months postpartum had lower absolute levels of depressive symptomatology by 24 months postpartum than women who breastfed less frequently at 3 months. Exclusive breastfeeding, however, did not predict less depressive symptomatology, although using a percentage of child's diet made up by breast milk as a continuous variable revealed a trend in the predicted direction (p=0.06). None of the aforementioned associations between breastfeeding and depression could be accounted for by candidate confounds or third variables (alternative explanations) including age, education, income, Latina ethnicity, work outside the home, marital status, preterm birth, social support, or, in the case of breastfeeding, predicting later depression, prenatal depressive symptomatology.
Depressive symptomatology predicting less breastfeeding
The finding that prenatal depressive symptomatology predicts earlier weaning and less frequent breastfeeding at 3 months is consistent with a few previous studies (Green and Murray 1994; Seimyr et al. 2004) . Unlike previous research, however, postpartum depression did not predict later breastfeeding behavior in this study. One factor that may account for this null result is the fact that the first assessment of postpartum depressive symptomatology in this study was taken at 3 months. All of the previous longitudinal studies that have found significant negative associations between postpartum depression and subsequent breastfeeding behavior have measured depression earlier (1 week: Dennis and McQueen 2007; 2 weeks : Taveras et al. 2003; 7 weeks: Galler et al. 1999; 2 months: Seimyr et al. 2004) . It is possible that depressive symptomatology predicts early weaning in the first few months when breastfeeding problems like nipple pain, difficulty latching, and poor milk letdown are more common (Riordan 2005) . Once breastfeeding is established by 3 months, depressive symptomatology may become a less potent predictor of subsequent breastfeeding outcomes. This interpretation is also consistent with the findings in this study that prenatal depressive symptomatology predicted less breastfeeding at 3 months but did not predict changes in breastfeeding between 3 and 24 months.
Although no studies of which we are aware have explicitly tested for mediators underlying the association between depression and later breastfeeding outcomes, researchers have found that women with depressive symptomatology report breastfeeding problems (Edhborg et al. 2005; Tamminen 1988 ), more failed breastfeeding attempts (Fergerson et al. 2002) , and less breastfeeding self-efficacy (Dai and Dennis 2003) . Given this, it seems plausible that symptoms common to depression-like negative mood, poor self-esteem, and anxiety could lead depressed women to perceive common breastfeeding hurdles such as pain, difficultly latching, or worries that the infant is not getting enough milk, as less surmountable or more serious than their nondepressed peers (see Dennis and McQueen 2007 , for a discussion). Likewise, anxiety can interfere with milk supply and the milk letdown reflex (Dewey 2001) , which could lead depressed mothers to have more breastfeeding problems (Stuebe et al. 2012 ). In addition, depressed mothers tend to be less sensitive to infant cues (Murray et al. 1996) , which may lead to problems in infant latching and the establishment of breastfeeding routines. Finally, many antidepressant medications are not recommended for breastfeeding mothers, leading some depressed women to opt to formula feed and not to disrupt medical treatment. These potential mediators of the association between depression and later breastfeeding outcomes should be explicitly tested in future research.
Breastfeeding predicting reduced risk of depressive symptomatology
This study reports the first evidence that early breastfeeding might provide some protection against later depressive symptomatology for mothers. These results should be interpreted with caution until replicated and additional confounds are ruled out. However, if robust, the link between breastfeeding and reduced risk for depressive symptomatology could have clinical implications. For example, interventions targeted at increasing breastfeeding rates, and specifically, breastfeeding frequency, might decrease mothers' risk for subsequent depression years after birth.
The only other published study that has addressed the question of whether early breastfeeding is predictive of later depression reported a null result (Dennis and McQueen 2007) ; however, it is worth noting that the results of the current study do not actually contradict but rather they are, in fact, consistent with those of this earlier study. That study found that women who were breastfeeding exclusively at 1 week postpartum were not less likely to report depressive symptomatology at 1 month or 2 months postpartum compared to women who were not breastfeeding at all at 1 week. This finding is consistent with the results of the current study indicating that breastfeeding was not associated with depressive symptomatology in the early postpartum, but instead emerge slowly over time, resulting in lower rates of depressive symptoms only at 2 years postpartum. Further, it was breastfeeding frequency in this study, not exclusive breastfeeding, which predicted declines in depressive symptoms over 2 years postpartum. It is possible that whereas exclusive breastfeeding vs. nonexclusive breastfeeding is a key distinction to make when assessing the impact of breastfeeding on infant health, breastfeeding exclusivity may be a less important distinction when assessing the impact of breastfeeding on maternal health. Studies suggest that the spacing and frequency of breastfeeding bouts, more so than exclusivity, is the key mediator of the hormonal changes associated with lactation for mothers (Labbok 2001 ). There was a large amount of variability in the frequency of breastfeeding bouts of women who were exclusively breastfeeding at 3 months in our sample (range five to 17 breastfeeding bouts a day). Therefore, future investigations on the impact of lactation on mothers might include measures of breastfeeding frequency, duration, spacing, and time since last breastfeeding bout, in addition to reports of breastfeeding exclusivity.
Because this is the first study to report this striking association, we hope it will inspire replication attempts and investigations of possible mediating mechanisms. To aid future research endeavors, we briefly discuss three classes of mediators (direct pathways, infant-mediated pathways, and third variables) that could potentially underlie a time-lagged relationship between breastfeeding and reduced risk of depressive symptomatology.
Direct pathways
Hormonal changes triggered by breastfeeding initiate a cascade of biological changes in the maternal brain and body (see Uvnäs-Moberg and Eriksson 1996) that could act as direct pathways through which breastfeeding influences maternal depression. For example, the act of breastfeeding releases the hormone oxytocin (Uvnäs-Moberg and Eriksson 1996), which has been found in lower levels in women with depressive symptomatology postpartum than women without such symptoms (Skrundz et al. 2011) . A logical problem for this hypothesis, however, is the fact that the breastfeeding women in our sample did not have lower rates of depressive symptomatology than nonbreastfeeding women at 3 months postpartum, the time at which differences between the two groups of women in oxytocin and other hormones (e.g., prolactin, estrogen, and progesterone) would be largest (Riordan 2005; Uvnäs-Moberg and Eriksson 1996) . One possibility that reconciles this problem is that there could be additive effects of hormone exposures associated with breastfeeding that take longer than 3 months to accrue to sufficient levels to impact depression.
A related process has been proposed to explain the observed long-term physical health benefits of breastfeeding for mothers. A hypothesis, dubbed the "reset hypothesis", proposes that breastfeeding causes myriad metabolic changes that help "reset" the body after pregnancy and have long-term impacts on women's health (Stuebe and RichEdwards 2009) , reducing the risk for type 2 diabetes (Stuebe and Rich-Edwards 2009 ) and cardiovascular disease (Schwarz et al. 2009 ). Given that large meta-analyses have identified depression as a predictor of both type 2 diabetes (Pan et al. 2010 ) and cardiovascular disease (Rugulies 2002) , there is the possibility that a shared biological mechanism, such as reduced chronic inflation (Kendall-Tackett 2007; Dantzer et al. 2008; Groer and Davis 2006; Jaedicke et al. 2009 ), underlies the association between these physical diseases, breastfeeding, and the reduced risk for depressive symptomatology observed in the current study. The possibility that reduced inflammation or other long-term biological changes link breastfeeding to reduced risk for depression is an area ripe for further investigation.
Another potential mediator linking breastfeeding to reduced depression risk is the role that breastfeeding could play in promoting maternal bonding. The relationship between breastfeeding and maternal bonding is surprisingly understudied (see Jansen et al. 2008 , for a review); however, there are theoretical reasons to think that breastfeeding could facilitate maternal bonding. Specifically, breastfeeding triggers the release of the hormone oxytocin, which has been linked to enhanced maternal caregiving in humans (Feldman et al. 2007 ) and animals (Kendrick 2000) . One study found that mothers who had breastfed for at least 1 week displayed fewer negative interactions (as rated by observers) with their babies 1 year after birth, but not 4 months postpartum (ElseQuest et al. 2003) , which is similar to the time-lagged effects of breastfeeding on depressive symptomatology observed in the current study. One could hypothesize that mothers who have stronger bonds with their infants might find parenting less stressful or more rewarding than less bonded mothers and, therefore, could be at reduced risk for depressive symptomatology throughout their child's development. The idea that bonding could be the mediator between breastfeeding and depression is a speculation at this point but deserves further empirical attention.
Indirect pathways
Another possibility is that early breastfeeding protects against later maternal depression indirectly though the benefits it confers to the infant. It is widely recognized that breast-fed infants have fewer health problems than formula-fed infants (see Ip et al. 2007 , for a review). Given that having a child with health problems is difficult and increases maternal distress (Beck 1996b) , breastfeeding might decrease the risk of maternal depression indirectly by leading to healthier infants. Additionally, early breastfeeding has been associated with infants with easier temperaments over the long-term (Field et al. 2002; Merjonen et al. 2011; Worobey 1992) , and infants with easier temperaments tend to have mothers who are less likely to get depressed (Beck 1996a) . It is worth noting, however, that other studies have also found that infants with easier temperaments are more likely to be breastfed (Vandiver 1997) and that the association between breastfeeding and infant temperament becomes negligible after the first half of the infant's life (Neigel et al. 2008) . Nonetheless, these indirect pathways warrant further empirical attention.
Third variable explanations
Another possibility is that an unaccounted for third variable covaries with both breastfeeding frequency and later vulnerability for depressive symptomatology. There are a number of psychological, social, and environmental factors that could influence breastfeeding and depressive symptomatology that were not addressed in this study. Future research might attempt to replicate our results while adjusting for variables such as maternal personality, attachment style, life stress, and access to health care. Nonetheless, the analyses we reported here did account for factors commonly associated with breastfeeding and depression (age, income, education, marital status, work outside the home, preterm birth, ethnicity, social support, and prenatal depressive symptomatology), none of which accounted for the observed relationship between early breastfeeding frequency and later depression. In addition, the finding that early breastfeeding frequency moderates the relationship with latter depressive symptomatology strengthens the possibility that it is a characteristic of breastfeeding, rather than some difference associated with the decision to breastfeed vs. formula feed, which accounts for the fact that early breastfeeding predicted reduced risk for depressive symptomatology in our sample. Whatever the mechanism explaining the link between breastfeeding and later depressive symptomatology, these results point to a novel predictor of future depression symptoms (early breastfeeding frequency) that could be of benefit to clinicians or health professionals who are working toward depression prevention or intervention.
Limitations and strengths
As with previous studies on this topic, causality cannot be inferred from correlational evidence, even when the dataset is longitudinal. It was not possible to randomly assign women to be depressed or to breastfeed for obvious ethical and practical reasons. One promising research design for the future is a randomized controlled trial examining the effects of a breastfeeding promotion program (vs. no program). Such a study could measure the variables noted above and test whether increases in breastfeeding could reduce rates of maternal depression. A second limitation of this study was that depressive symptomatology was assessed with self-report questionnaires. Future studies should include diagnostic interviews to ascertain clinically significant mood disorders. However, even subclinical levels of depressive symptomatology appear to have effects on breastfeeding, which is known to be a positive health behavior. Finally, women in this sample were largely White, upper-middle class, and married; therefore, further study is needed on women from diverse ethnic, socioeconomic, and family backgrounds before generalizations can be drawn to the wider population. Balancing these limitations, are a number of strengths of the present study including a prospective design, multilevel modeling approach, tests of bidirectional effects, and a well-characterized cohort, all of which allowed us to provide needed clues concerning to the nature of the relationship between breastfeeding and depression.
Conclusion
The question of whether breastfeeding is protective against subsequent depressive symptomatology is important because if the answer is yes, breastfeeding could be a target for preventing a disorder that has substantial negative consequences for both maternal and infant health. The present findings suggest that the relationship between breastfeeding and depression is complex and bidirectional, with early breastfeeding predicting fewer cases of depressive symptomatology and early depressive symptomatology predicting less breastfeeding. The premise that women with depression are less likely to breastfeed has more support in the existing literature than the reverse, but only two studies, including the study we report here, have addressed the latter hypothesis. This research highlights the need for further inquiry into both causal pathways linking breastfeeding and depression, especially given that breastfeeding has substantial benefits for infant health, and maternal depression has substantial negative consequences for both maternal and infant health.
